Introduction {#S0001}
============

Hepatocellular carcinoma (HCC) is a highly prevalent tumor and the fourth most common cause of cancer-related deaths worldwide.[@CIT0001] Multiplicity is a major clinical feature of HCC that can spread to other regions of the liver via portal vein invasion, which is referred to as intrahepatic metastasis (IM).[@CIT0002] Several therapeutic methods exist for treating HCC, such as surgical resection, radio-frequency ablation (RFA), transarterial chemoembolization (TACE), systemic chemotherapy, and liver transplant. However, the prognosis of HCC remains unsatisfactory in the long-term. The frequent recurrence of the disease after curative resection is a challenge of HCC treatment. IM, originating from a primary liver tumor, is considered to be one of the origins of recurrent or multifocal liver tumors.[@CIT0003] Therefore, IM indicates a poor prognosis for HCC. However, the molecular characteristics of IM in HCC are yet to be elucidated.

Long noncoding RNAs (lncRNAs) are defined as transcripts \>200 nucleotides in length that have not been translated into proteins.[@CIT0004] These have been proposed to carry out diverse functions and represent a large reservoir of potential tumor targets.[@CIT0004],[@CIT0005] The upregulation of urothelial carcinoma associated 1 (UCA1) has been previously documented in several types of tumors, including HCC, bladder cancer, ovarian cancer, melanoma, esophageal cancer, tongue cancer, and lung cancer. The expression level of UCA1 was closely correlated to the progression, tumor size, invasion depth, and stage of cancer.[@CIT0006] Accumulating evidence has demonstrated the regulatory roles of different classes of lncRNAs in HCC related to several etiologies.[@CIT0007],[@CIT0008] Divergent groups of lncRNAs have been implicated in liver carcinogenesis through interactions with DNA, RNA, or proteins.[@CIT0007] LncRNAs have a typical tissue-specific expression pattern and are readily detectable in body fluids due to their high stability. Compared to the other protein biomarkers expressed in various tissues, the lncRNAs are ideal biomarkers.[@CIT0009] Moreover, the serum lncRNAs, such as LINC00161,[@CIT0010] PVT1,[@CIT0011] lncRNA-D16366,[@CIT0012] and RP11-466I1.1, function as biomarkers in HCC.[@CIT0013] However, none of them has a satisfactory diagnostic performance, which could be attributed to a small sample size. Nonetheless, there is a dearth of studies on circulating lncRNAs for predicting IM of HCC.

In a previous study, we used microarray analysis in HCC tissues and paired peritumoral liver tissues and identified 719 differentially expressed lncRNAs that might be involved in the pathogenesis of HCC. A novel lncRNA NONHSAT053785 was one of these differentially expressed lncRNAs with higher fold-change than the remaining; the expression of this lncRNA was verified by quantitative real-time PCR (qRT-PCR) in human tissues.[@CIT0014] In addition, the length of lncRNA NONHSAT053785 (synonym lnc-G6PC-1:1) sequence is 289 nucleotides, and it is a part of the human glucose-6-phosphatase catalytic subunit on Chr17 (NCBI Sequence ID: NG011808.1).[@CIT0015] RNA-Seq data from the Human Body Map shows NONHSAT053785 is primarily expressed in the liver but also in the kidney.[@CIT0016] In the present study, the expression levels of NONHSAT053785 in the serum of HCC patients were detected, and the correlation with the clinical features was analyzed. Also, the diagnostic efficacy and risk factors related to IM were also investigated.

Materials and Methods {#S0002}
=====================

Patient Information {#S0002-S2001}
-------------------

A total of 307 participants, including 112 HCC patients, 96 patients with chronic hepatitis B (CHB), and 99 healthy controls (HC), were recruited in this study between April 2018 and December 2019 at the Daping Hospital of the Army Medical University, China. None of the HCC patients received radiotherapy, chemotherapy, or biotherapy before surgery. The diagnosis of HCC was determined by pathological results, and the hepatitis B virus (HBV) infection was diagnosed by clinical laboratory tests. Healthy controls referred to individuals without liver disease or any type of tumor. Written informed consent was obtained from all participants. This study was approved by the Medical Institutional Ethics Committee of the Daping Hospital, and the experiments were performed in accordance with the 1964 Helsinki Declaration and its later amendments or comparable ethical standards. [Table 1](#T0001){ref-type="table"} lists the clinical characteristics of the participants.Table 1Clinical Characteristics of the Study SubjectsHCC (n=112)CHB (n=96)HC (n=99)P-valueGenderMale1006386^f^\<0.001^a^Female123313Age Median (range)55 (27--78)46 (22--72)^g^48 (22--77)\<0.001^b^AFP (ng/mL)133.44 (14.51, 1768.36)2.70 (1.85, 4.01)1.50 (1.06, 1.92)\<0.001^c^CEA (ng/mL)2.94 (1.88, 4.53)1.60 (1.04, 2.45)^g^1.62 (1.13, 2.38)\<0.001^c^TP (g/L)70.00 (64.35, 74.50)74.55 (71.28, 77.93)^g^73.50 (70.00, 75.55)\<0.001^c^ALB (g/L)39.40 (34.28, 43.05)45.95 (43.60, 47.60)^g^46.30 (45.15, 48.05)\<0.001^c^T-BIL (µmol/L)20.20 (15.15, 30.10)15.40 (12.10, 18.70)^g^14.80 (12.65, 19.05)\<0.001^c^AST (U/L)57.60 (37.48, 94.88)27.20 (22.80, 34.20)22.30 (20.15, 27.20)\<0.001^c^ALT (U/L)44.05 (28.75, 66.03)28.60 (22.80, 36.80)21.10 (15.85, 30.00)\<0.001^c^WBC (×10^9^/L)6.16 (5.00, 7.81)5.15 (4.33, 6.22)^g^5.63 (4.66, 6.68)^f^0.005^c^PLT (×10^9^/L)164.00 (105.00, 214.75)^e^177.00 (127.00, 207.00)195.50 (165.00, 240.25)\<0.001^c^Lymphocyte (×10^9^/L)1.16 (0.78, 1.49)1.58 (1.13, 2.20)^g^1.78 (1.50, 2.18)\<0.001^c^Monocyte (×10^9^/L)0.48 (0.35, 0.62)0.33 (0.23, 0.41)^g^0.30 (0.26, 0.37)\<0.001^c^ALP (U/L)149.45 (98.93, 240.18)79.40 (62.40, 104.85)\<0.001^d^γ-GGT (U/L)131.10 (56.05, 341.03)18.15 (13.43, 30.33)\<0.001^d^AFU (U/L)40.30 (32.25, 59.00)26.40 (21.90, 29.75)\<0.001^d^CHE (U/L)5485.50 (4313.50, 6835.25)8084.50 (7199.00, 9402.25)\<0.001^d^GLU (mmol/L)5.02 (4.65, 6.25)4.80 (4.40, 5.32)0.005^d^LDH (U/L)233.70 (184.30, 289.80)5ʹ-NT (U/L)19.90 (10.80, 40.35)Ferritin (ng/mL)287.79 (200.43, 540.78)TC (mmol/L)4.48 (3.99, 5.05)TG (mmol/L)1.12 (0.88, 1.51)[^2]

Collection of Serum Samples and Clinical Data {#S0002-S2002}
---------------------------------------------

All blood specimens were stored at 4 °C and disposed within 2 h. Serum was collected by centrifugation (3000 ×g, 15 min, 4 °C). The blood specimens of HCC patients were obtained before surgery, and the collected serum was maintained in TRIzol^®^ LS reagent (Invitrogen, Carlsbad, CA, USA), according to the manufacturer's protocols, at −80 °C prior to total RNA extraction, while those of CHB patients and healthy individuals were subjected to reverse transcription into cDNA (Roche, Germany).

The baseline data of all subjects with respect to age, gender, smoking status, alcohol consumption, HBV infection status, HBV-DNA level, alpha-fetoprotein (AFP) level, carcinoembryonic antigen (CEA) level, ferritin level, liver function test results, blood routine analysis results, and HCC characteristics such as tumor size, histological differentiation, intrahepatic/extrahepatic metastasis, microvascular invasion (MVI), and gross vascular invasion (GVI) were obtained from the medical records. The MVI was determined based on the pathological findings. Preoperative radiological findings of tumor embolus in the portal veins were defined as GVI. The HCC clinical stage was determined based on the Barcelona Clinic Liver Cancer (BCLC) and tumor node metastasis (TNM) classification system.

RNA Extraction and Reverse Transcription {#S0002-S2003}
----------------------------------------

Total RNA was extracted from serum specimens using TRIzol^®^ LS reagent, following the manufacturer's instructions, and solubilized in 30 μL of RNase-free water. Then, NanoDrop ND-1000 spectrophotometer (Thermo, Wilmington, DE, USA) was used to detect the quantity and purity of the extracted RNA. The RNA sample with an optical density ratio (260/280) of 1.8--2.0 was included in the subsequent study. Total RNA was reverse transcribed using the EvoScript Universal cDNA Master RT reagent Kit (Roche, Germany). The cDNA products were stored at −80 °C until further analysis.

Droplet Digital Polymerase Chain Reaction (ddPCR) {#S0002-S2004}
-------------------------------------------------

The expression levels of lncRNA were quantified by ddPCR. The 20-µL PCR reaction consisted of 1µL forward primer, 1µL reverse primer, 2 µL probe, 6 µL template/cDNA, and 10 µL ddPCR Supermix (Bio-Rad, Hercules, CA, USA). Droplets were generated using a QX100 droplet generator (Bio-Rad). A 70 µL of ddPCR droplet generation oil was added to the bottom wells of the droplet generation cartridge. The middle wells were loaded with the PCR reaction mixture. A rubber gasket was placed over the cartridge and loaded into the droplet generator. Then, 40 µL emulsion was loaded into each well of a 96-well plate that was subsequently heat-sealed with a foil and the emulsion was cycled to end point as per the manufacturer's protocol. The amplicons were analyzed using a Bio-Rad QX100 reader (Bio-Rad). The primers used in this study were designed using Primer 5.0 software (Premier, Canada) and synthesized by Sangon Biotech (Shanghai, China). The primers and probe for lncRNA NONHSAT053785 were as follows:

Forward primer, 5ʹ- AGTTATAGATTTACGTCCACTTTAGA--3ʹ;

Reverse primer, 5ʹ- CACCTGAAAACTGATACACTA--3ʹ;

Probe, 5ʹ-CATCGGTCACTTAAACTTGCCTCACA--3ʹ.

Statistical Analysis {#S0002-S2005}
--------------------

All data were analyzed by SPSS 22.0 (Chicago, IL, USA) and GraphPad Prism 8 software (San Diego, CA, USA). The normality of distribution was evaluated using the Shapiro--Wilk and Kolmogorov--Smirnov tests. Mann--Whitney *U*-test was used to compare the two groups. For comparison among more than two groups, Kruskal--Wallis H or one-way ANOVA test was used. Chi-square test was used to compare the variables represented as frequencies. Spearman correlation coefficient was analyzed to calculate the correlation between the serum levels of NONHSAT053785 and other variables. Univariate and multivariate logistic regression analyses were used to identify the risk factors associated with intrahepatic metastasis. Also, odds ratio (OR) and 95% confidence interval (CI) were calculated. The sensitivity and specificity of NONHSAT053785 and AFP were assessed by the receiver operating characteristic (ROC) curve and the area under ROC curve (AUC). All tests were two-sided, and *P*\<0.05 was considered statistically significant.

Results {#S0003}
=======

Serum Level of NONHSAT053785 Was Increased in HCC Patients {#S0003-S2001}
----------------------------------------------------------

The expression levels of NONHSAT053785 in 112 HCC serum samples collected before surgery, 96 CHB patients' serum, and 99 healthy controls serum were detected by ddPCR. Results showed that compared to the CHB and HC groups, the serum levels of NONHSAT053785 were significantly increased in HCC patients; however, no significant difference was observed between the CHB and HC groups (*P*\<0.0001, [Figure 1](#F0001){ref-type="fig"}).Figure 1NONHSAT053785 was increased in the serum of HCC patients. The data were analyzed by Kruskal--Wallis H and Mann--Whitney *U*-tests. \*\*\*\**P*\<0.0001.**Abbreviations:** HCC, hepatocellular carcinoma; CHB, chronic hepatitis B; HC, health control.

Correlation Between Serum NONHSAT053785 and Clinical Characteristics of HCC {#S0003-S2002}
---------------------------------------------------------------------------

The correlations between serum levels of NONHSAT053785 and clinical characteristics in HCC patients are listed in [Table 2](#T0002){ref-type="table"}. To analyze the expression of lncRNA NONHSAT053785, the level at the maximum Youden index was used as the cutoff. In this study, significant differences in the serum levels of NONHSAT053785 were observed between subgroups of patients divided according to IM (with or without, *P*=0.011), Child--Pugh classification (A or B/C, *P*=0.037), CEA (≤5 or \>5 ng/mL, *P*=0.037), total bilirubin (T-BIL) (≤23 or \>23 µmol/L, *P*=0.006), aspartate transaminase (AST) (≤40 or \>40 U/L, *P*=0.001), alkaline phosphatase (ALP) (≤125 or \>125U/L, *P*=0.001), and monocyte (≤0.6 or \>0.6×10^9^/L, *P*=0.015).Table 2Correlation Between Serum NONHSAT053785 and Clinical Characteristics of Patients with HCCNONHSAT053785CharacteristicGroupCasesLowHighP-valueGenderMale10027731.000^b^Female1239Age (years)\<555415390.819^a^≥55581543Smoking statusNever5213390.691^a^Ever/Current601743Alcohol consumptionNever4915340.420^a^Ever/Current631548HBV-DNA (IU/mL)\<100237160.644^a^≥100822161CirrhosisWith6720470.371^a^Without451035Tumor size\<5 cm329230.981^a^≥5 cm671948Tumor numberSingle4815330.304^a^Multiple581345Histological differentiationWell/Moderate3014160.115^c^Poor918GVIPresent438350.123^a^Absent692247MVIM0227150.175^c^M1/M21486Intrahepatic metastasisWith44638**0.011**^a^Without682444Extrahepatic metastasisWith132110.513^b^Without992871Child--Pugh classificationA682345**0.037**^a^B/C44737BCLC staging0/A197120.427^a^B28820C/D631449TNM stagingI/II4314290.198^a^III/IV611348AFP (ng/mL)≤152910190.277^a^\>15832063CEA (ng/mL)≤5872760**0.037**^a^\>522220Ferritin (ng/mL)≤3004816320.233^a^\>300451035TP (g/L)≤65319220.740^a^\>65812160ALB (g/L)≤406615510.245^a^\>40461531T-BIL (µmol/L)≤23662442**0.006**^a^\>2346640AST (U/L)≤40341618**0.001**^a^\>40781464ALT (U/L)≤506620460.314^a^\>50461036ALP (U/L)≤125431924**0.001**^a^\>125691158γ-GGT (U/L)≤603011190.153^a^\>60821963AFU (U/L)≤353110210.228^a^\>35581246LDH (U/L)≤2505817410.129^a^\>250335285ʹ-NT (U/L)≤11249150.089^a^\>11651352GLU (mmol/L)≤6.16522430.114^a^\>6.124420WBC (×10^9^/L)≤9.59629670.089^b^\>9.516115PLT (×10^9^/L)≤100279180.378^a^\>100852164Lymphocyte (×10^9^/L)≤1.15314390.933^a^\>1.1591643Monocyte (×10^9^/L)≤0.6822755**0.015**^a^\>0.630327[^3]

Furthermore, the correlation between intrahepatic metastasis, Child--Pugh classification, and serum levels of NONHSAT053785 in HCC was analyzed by Mann--Whitney *U*-test. Compared to the patients without IM, NONHSAT053785 expression was significantly increased in patients with IM (*P*=0.002, [Figure 2A](#F0002){ref-type="fig"}). This result suggested that NONHSAT053785 may play crucial roles in HCC invasion ability. However, according to the Child--Pugh classification, no significant difference was observed between HCC patients in stage A and stage B/C (*P*\>0.05, [Figure 2B](#F0002){ref-type="fig"}).Figure 2Correlation between intrahepatic metastasis, Child-Pugh classification, and serum level of NONHSAT053785. (**A**) Correlation between intrahepatic metastasis and NONHSAT053785 (*P*=0.002). (**B**) Correlation between Child-Pugh classification and NONHSAT053785 (*P*\>0.05). The data were analyzed by Mann--Whitney *U*-test. \*\**P*\<0.005.

Correlation Between Serum NONHSAT053785 and Clinical Characteristics of HCC {#S0003-S2003}
---------------------------------------------------------------------------

We performed Spearman's analysis to further explore the correlation between serum NONHSAT053785 and the clinical characteristics of HCC ([Table 3](#T0003){ref-type="table"}). In this study, the expression level of serum NONHSAT053785 was positively correlated with IM (r=0.301, *P*=0.001), BCLC staging (r=0.223, *P*=0.019), CEA (r=0.205, *P*=0.033), ferritin (r=0.219, *P*=0.035), T-BIL (r=0.205, *P*=0.030), AST (r=0.273, *P*=0.004), ALP (r=0.362, *P*\<0.0001), γ-glutamyl transferase (γ-GGT) (r=0.260, *P*=0.006), lactate dehydrogenase (LDH) (r=0.355, *P*\<0.001), 5ʹ-nucleotidase (5ʹ-NT) (r=0.328, *P*=0.002), white blood cells (WBC) (r=0.378, *P*\<0.0001), and monocytes (r=0.226, *P*=0.017). The correlation between serum NONHSAT053785 and peripheral blood indexes are shown in [Figure 3A](#F0003){ref-type="fig"}--[J](#F0003){ref-type="fig"}. These results indicated that NONHSAT053785 may be related to the invasion ability of HCC and abnormal liver metabolism.Table 3Spearman's Analysis of Correlation Between Serum NONHSAT053785 and Clinical CharacteristicsVariablesNONHSAT053785 Expression LevelSpearman CorrelationP-valueGender−0.0250.797Age (years)0.0010.996Smoking status−0.0640.506Alcohol consumption0.0560.558HBV-DNA (IU/mL)0.0470.631Cirrhosis−0.1060.265Tumor size (cm)0.0620.540Tumor number0.1070.274Histological differentiation0.2520.122GVI0.1140.259MVI−0.2440.179Intrahepatic metastasis0.301**0.001**Extrahepatic metastasis0.1100.247Child--Pugh classification0.1630.086BCLC staging0.223**0.019**TNM staging0.1520.124AFP (ng/mL)0.0850.371CEA (ng/mL)0.205**0.033**Ferritin (ng/mL)0.219**0.035**TP (g/L)0.0160.863ALB (g/L)−0.1580.095T-BIL (µmol/L)0.205**0.030**AST (U/L)0.273**0.004**ALT (U/L)0.0880.358ALP (U/L)0.362**\< 0.0001**γ-GGT (U/L)0.260**0.006**AFU (U/L)0.1570.141CHE (U/L)−0.1440.131LDH (U/L)0.355**\<0.001**5ʹ-NT (U/L)0.328**0.002**GLU (mmol/L)0.0090.937WBC (×10^9^/L)0.378**\<0.0001**PLT (×10^9^/L)0.1720.070Lymphocyte (×10^9^/L)−0.0450.636Monocyte (×10^9^/L)0.226**0.017**[^4] Figure 3Spearman correlation scatter plot of serum NONHSAT053785 levels and peripheral blood indexes. (**A**) Correlation between NONHSAT053785 and CEA. (**B**) Correlation between NONHSAT053785 and Ferritin. (**C**) Correlation between NONHSAT053785 and T-BIL. (**D**) Correlation between NONHSAT053785 and AST. (**E**) Correlation between NONHSAT053785 and γ-GGT. (**F**) Correlation between NONHSAT053785 and ALP. (**G**) Correlation between NONHSAT053785 and 5ʹ-NT. (**H**) Correlation between NONHSAT053785 and LDH. (**I**) Correlation between NONHSAT053785 and monocytes. (**J**) Correlation between NONHSAT053785 and WBC. *P*\<0.05 was considered significant.

Serum Level of NONHSAT053785 Is an Independent Risk Factor for IM {#S0003-S2004}
-----------------------------------------------------------------

The relevant risk factors for IM were also identified ([Table 4](#T0004){ref-type="table"}). Univariate analysis suggested that male gender, smoking, alcohol, tumor diameter ≥5 cm, GVI, advanced BCLC stages, advanced TNM stages, and elevated NONHSAT053785 expression were risk factors for IM. These variables were incorporated into a multivariate logistic model to determine whether the expression of serum NONHSAT053785 was an independent risk factor for IM. The TNM staging was not included in multivariate analysis, as it overlapped with BCLC staging. The results showed that tumor diameter ≥5 cm and upregulated NONHSAT053785 expression were independent risk factors of IM.Table 4Univariate and Multivariate Analysis for the Risk Factors of Intrahepatic MetastasisVariablesUnivariate AnalysisMultivariate AnalysisOR95% CIP-valueOR95% CIP-valueGender (male vs female)0.1210.015--0.969**0.047**0.0830.005--1.2610.073Age (years)0.9980.963--1.0340.910Smoking status (never vs ever/current)2.2451.022--4.932**0.044**2.9790.861--10.3020.085Alcohol consumption (never vs ever/current)2.6081.165--5.838**0.020**0.8770.268--2.8730.828Cirrhosis (with vs without)1.1120.512--2.4150.789Tumor size (\<5 cm vs ≥5 cm)9.3822.605--33.797**0.001**22.5012.828--179.038**0.003**Differentiation (well/moderate vs poor)3.9580.510--30.6930.188GVI (present vs absent)2.6371.154--6.030**0.022**4.0070.908--17.6860.067MVI (present *vs* absent)0.6640.111--3.9720.654Child--Pugh classification (A vs B vs C)1.6260.828--3.1910.158BCLC staging (0 vs A vs B vs C vs D)3.1551.704--5.841**\<0.001**0.9180.300--2.8140.881TNM staging (I vs II vs III vs IV)5.9772.856--12.509**\<0.001**NONHSAT053785 expression (copies/µL)1.2811.059--1.549**0.011**1.4701.109--1.949**0.007**AFP (ng/mL)1.0001.000--1.0000.274CEA (ng/mL)1.0020.999--1.0060.134[^5][^6]

Stratification Analysis of the Serum Levels of NONHSAT053785 with the Risk of IM {#S0003-S2005}
--------------------------------------------------------------------------------

Stratified analysis was performed according to age, smoking status, alcohol consumption, cirrhosis, tumor size, and GVI. As shown in [Table 5](#T0005){ref-type="table"}, we found that the predictive effect of serum NONHSAT053785 on the risk of IM was prominent in elderly (OR= 1.869, 95% CI: 1.049--3.329, *P*=0.034), non-smoking (OR=1.511, 95% CI: 1.022--2.234, *P*=0.038), drinking (OR=1.706, 95% CI: 1.133--2.568, *P*=0.011), and tumor size ≥5 cm (OR=1.962, 95% CI: 1.248--3.084, *P*=0.004) subjects.Table 5Stratification Analysis of NONHSAT053785 Expression Levels with the Risk of Intrahepatic MetastasisVariablesUnivariate AnalysisMultivariate AnalysisOR95% CIP-valueOR95% CIP-valueAge (years)\<551.1980.937--1.5330.1491.3010.907--1.8680.153≥551.4111.037--1.919**0.029**1.8691.049--3.329**0.034**Smoking statusNever1.2831.008--1.632**0.043**1.5111.022--2.234**0.038**Ever/Current1.3990.996--1.9650.0531.3030.712--2.3870.391Alcohol consumptionNever1.1790.905--1.5360.2211.0690.719--1.5890.743Ever/Current1.4111.044--1.906**0.025**1.7061.133--2.568**0.011**CirrhosisWith1.2820.994--1.6530.0561.4530.909--2.3220.118Without1.2870.966--1.7150.0841.2960.910--1.8450.150Tumor size (cm)\<50.7910.339--1.8480.5890.4490.084--2.3940.348≥51.5551.114--2.171**0.010**1.9621.248--3.084**0.004**GVIPresent1.2250.876--1.7140.2351.4250.871--2.3340.159Absent1.2721.003--1.613**0.047**1.3900.970--1.9910.073[^7][^8]

Evaluation of Serum NONHSAT053785 as a Novel Biomarker for HCC and Predictive Ability for IM {#S0003-S2006}
--------------------------------------------------------------------------------------------

As the level of lncRNA NONHSAT053785 was markedly increased in the serum of HCC patients, we sought to determine the potential utility of serum NONHSAT053785 as a diagnostic biomarker of HCC. The ROC analysis was used to assess the diagnostic ability of serum NONHSAT053785 and AFP. The results showed that the AUC was 0.801 (95% CI: 0.746--0.855, *P*\<0.0001) for NONHSAT053785 and 0.960 (95% CI: 0.938--0.982, *P*\<0.0001) for AFP ([Figure 4A](#F0004){ref-type="fig"}). The sensitivity and specificity at the optimal cutoff were 73.2% and 75.4% for NONHSAT053785 and 88.4% and 93.9% for AFP, respectively. Moreover, since serum NONHSAT053785 had been established as an independent risk factor, we employed the ROC curve to evaluate the predictive ability of NONHSAT053785 and AFP expression for IM of HCC, and the results showed that the AUC was 0.678 (95% CI: 0.576--0.779, *P*=0.0015) for NONHSAT053785 and 0.543 (95% CI: 0.432--0.655, *P*\>0.05) for AFP ([Figure 4B](#F0004){ref-type="fig"}). The sensitivity and specificity at the optimal cutoff were 68.2% and 64.7% for NONHSAT053785 and 40.9% and 75.0% for AFP, respectively.Figure 4Diagnostic value of serum NONHSAT053785 and AFP for the detection of HCC and prediction of intrahepatic metastasis. (**A**) The ROC curves of serum NONHSAT053785 and AFP for the detection of HCC (NONHSAT053785: AUC: 0.801, 95% CI: 0.746--0.855, *P*\<0.0001; AFP: AUC: 0.960, 95% CI: 0.938--0.982, *P*\<0.0001). (**B**) The ROC curves of serum NONHSAT053785 and AFP for the prediction of intrahepatic metastasis in HCC (NONHSAT053785: AUC: 0.678, 95% CI: 0.576--0.779, *P*=0.0015; AFP: AUC: 0.543, 95% CI: 0.432--0.655, *P*=0.440).

Discussion {#S0004}
==========

Serum tumor markers are an attractive alternative for monitoring and early diagnosis of HCC since they allow a non-invasive, objective, and reproducible assessment.[@CIT0017] In the present study, we explored the serum level of lncRNA NONHSAT053785 due to its potential as a novel biomarker of HCC and found that it was significantly increased in HCC patients compared to CHB and HC groups. Next, we investigated the diagnostic potential of NONHSAT053785 by calculating AUC values for both serum NONHSAT053785 and AFP. Interestingly, the AUC of AFP (0.960) in our study was much higher than the previously reported range (AUC: 0.64--0.77).[@CIT0018]--[@CIT0020] This phenomenon could be due to the fact that most of our patients were at the advanced stage of HCC, and therefore, presented significantly elevated levels of AFP. The ROC curve for NONHSAT053785 showed a promising AUC value of 0.801, with a sensitivity of 73.2% and a specificity of 75.4%. Although lower than the AUC of AFP, the diagnostic efficiency of NONHSAT053785 in the current study was similar to that of AFP (AUC: 0.64--0.77), des-gamma-carboxy prothrombin (DCP, AUC: 0.71), and lectin-reactive AFP (AFP-L3, AUC: 0.73) from previous studies in HCC patients,[@CIT0018] thereby suggesting the diagnostic value of NONHSAT053785. However, additional studies, including a larger patient population and early HCC patients, are needed to confirm the potential diagnostic value of NONHSAT053785 in HCC.

In order to further reveal the possible influence of NONHSAT053785 on HCC, the correlations between NONHSAT053785 expression in the serum of HCC and the clinical characteristics were analyzed. The results showed that the serum level of NONHSAT053785 was significantly associated with IM, Child--Pugh classification, CEA, T-BIL, AST, ALP, and monocytes. Moreover, the level of serum NONHSAT053785 was significantly upregulated in HCC patients with IM, confirmed by the Mann--Whitney *U*-test. In addition, Spearman's analysis further confirmed the correlation between serum NONHSAT053785 and clinical features. The expression of serum NONHSAT053785 was positively correlated with IM, BCLC staging, CEA, ferritin, T-BIL, AST, ALP, γ-GGT, LDH, 5ʹ-NT, WBCs, and monocytes. Together, the expression of serum NONHSAT053785 was significantly correlated with IM, tumor biomarkers, liver metabolic enzymes, and hematocytes of peripheral blood, which was confirmed by two different statistical methods. Surprisingly, these results partially corroborate with our previous research. The lncRNA NONHSAT053785 was a novel lncRNA discovered by microarray and validated through qRT-PCR in our previous study; it was found to be dysregulated in tissues of HCC patients. The previous bioinformatics analysis also verified that NONHSAT053785 was related to the biological metabolism processes. Moreover, the lncRNA-mRNA coexpression network showed that 26/28 mRNAs coexpressing with NONHSAT053785 were metabolic enzymes.[@CIT0014] Taken together, our previous and current results strongly suggest that NONHSAT053785 is involved in the biological metabolism processes of HCC tumorigenesis and might affect the invasion ability of the tumor. One possible hypothesis is that lncRNA NONHSAT053785 may interact with metabolism-related enzymes to promote the invasion and metastasis of HCC cells. Recent studies have shown that some circulating lncRNAs were correlated with and may be derived from peripheral blood cells. The plasma lncRNA metastasis-associated lung adenocarcinoma transcript 1 (MALAT1) expression of sepsis was positively correlated with WBC (*P*=0.017).[@CIT0021] The plasma levels of lncRNA IL-7R were correlated with WBC (*P*=0.0064) in patients with acute respiratory distress syndrome.[@CIT0022] The lncRNA CoroMarker mainly exists in the extracellular vesicles, probably from monocytes, and is stable in plasma.[@CIT0023] These findings were consistent with the current results that serum NONHSAT053785 expression was correlated with peripheral blood cells.

Despite advances in the technology for diagnosis and treatment, HCC often recurs locally and distantly. A common manifestation is IM, which heralds poor patient survival.[@CIT0024] In HCC, early recurrence due to IM leads to life-threatening tumor progression after curative surgery.[@CIT0025] Therefore, predicting recurrence due to IM needs to be addressed urgently with respect to HCC treatment. In addition, identifying other indicators of HCC progression is crucial. Therefore, univariate and multivariate analyses were performed to reveal the risk factors of IM. Consistent with the previous study, the current study also identified tumor size (≥5 cm) as an independent risk factor of IM.[@CIT0026] Notably, the upregulated serum lncRNA NONHSAT053785 has been shown to be an independent risk factor of IM. Stratified analysis deciphered that the increased risk of IM associated with the serum levels of lncRNA NONHSAT053785 was prominent in subgroups of elderly, non-smoking, drinking, and large size tumor (≥5 cm) subjects. Subsequently, the ROC curve was performed to estimate the predictive ability of NONHSAT053785 and AFP expression for IM, and the AUC was 0.678 (95% CI: 0.576--0.779, *P*=0.0015) for NONHSAT053785 and 0.543 (95% CI: 0.432--0.655, *P*\>0.05) for AFP. The AUC of AFP was not statistically significant in our results, suggesting that the serum levels of lncRNA NONHSAT053785 could predict IM. Therefore, the high expression of NONHSAT053785 was identified as an independent risk factor for predicting IM in HCC. These findings suggested that NONHSAT053785 could be a potential target for developing novel therapeutic strategies for the clinical management of HCC.

To the best of our knowledge, the expression of serum lncRNA NONHSAT053785 has not been studied previously. The current results showed that serum NONHSAT053785 was positively correlated with CEA, ferritin, T-BIL, AST, ALP, γ-GGT, LDH, and 5ʹ-NT, suggesting that NONHSAT053785 may be related to cellular damage and intracellular leakage, thereby deeming it as a potential biomarker for liver damage. Moreover, it is unknown whether there are other lncRNAs that leak out into the blood stream upon cellular damage accompanying HCC and eventually increased in the serum of HCC patients. The present study mainly focused on the correlation between serum expression level of NONHSAT053785 and HCC and IM. In the subsequent studies, we will focus on the role of NONHSAT053785 in cellular damage and explore whether there are other liver-specific lncRNAs that leaks out into the blood stream upon cellular damage accompanying HCC. Notably, NONHSAT053785 is almost liver-specific.[@CIT0016] Therefore, the specificity of NONHSAT053785 in the diagnosis of HCC and the evaluation of liver damage is superior to some non-liver specific lncRNAs and general enzyme chemistry. However, since NONHSAT053785 in serum might not be abundant, the level needs to be detected by highly sensitive methods, such as ddPCR. Nonetheless, these limitations do not prevent the molecule from being a promising candidate as a diagnostic and predictive biomarker of HCC and IM.

Nevertheless, the present study had two limitations. First, because the majority of HCC patients were elderly men, matching the control groups and matching the gender and age in the three groups of participants was rather challenging and could not be accomplished. However, the expression of lncRNA NONHSAT053785 in HCC patients was independent of gender and age. Therefore, gender and age may have little effect on the expression level of NONHSAT053785 in the CHB and HC groups and ROC curve. Second, the mechanism of NONHSAT053785 in the oncogenesis and development of HCC and IM was not clarified. However, this residual problem is beyond the scope of the present study and would be explored in our future work.

In conclusion, the current study demonstrated that lncRNA NONHSAT053785 was an independent risk factor for IM of HCC, which was closely correlated with peripheral blood indicators and metabolic-related enzymes. The serum lncRNA NONHSAT053785 had a predictive ability for IM and may have a diagnostic value for HCC. Taken together, our results implied that NONHSAT053785 may be a crucial participant of HCC pathogenesis via tumor invasion with unknown mechanisms. These findings lay the foundation for future research on the mechanism of NONHSAT053785 in HCC. As a future research topic, one plausible hypothesis could be that lncRNA NONHSAT053785 may interact with metabolism-related enzymes to affect the tumorigenesis of HCC. Nevertheless, it needs to be confirmed by subsequent experiments. Overall, lncRNAs represent an emerging field of cancer research, and we are just beginning to understand the importance and complicity of the ncRNAs in liver carcinogenesis.[@CIT0007]
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